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Abstract
AIM: The aim of this study was to compare the effect of low level laser therapy (LLLT) with non-LLLT as an adjunct to 
mechanical debridement in patients who develop gingival inflammation during fixed orthodontic treatment.
MATERIALS AND METHODS: Thirty subjects undergoing comprehensive fixed orthodontic treatment were randomly 
allocated. Split mouth design was applied for each patient, where the four quadrants were randomly allocated to 
receive full mouth debridement. The test group (quadrant) received three laser sessions (days 1, 3, and 5) besides 
debridement while the control group (quadrant) received debridement only. Both bleeding index (BI) and plaque 
index (PI) were measured after 1 and 3 months, while the total colony forming units (CFU) were measured after 
2 and 6 weeks.
RESULTS: Clinical assessments (BI and PI) showed a statistically significant decrease at the first follow-up (after 
1 month) and a slight increase in the second (after 3 months) that did not reach the base line. While, the total CFU 
showed a significant decrease in both follow-ups.
CONCLUSION: Laser showed superior results in the treatment of gingival inflammation induced by fixed orthodontic 
appliances other than debridement only.
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Introduction
Oral hygiene is an important determinant of 
orthodontic treatment. It is well established that poor 
oral hygiene affects orthodontic treatment outcomes 
and influences the quality of the treatment, leading to 
a prolonged treatment time due to the accumulation of 
supra- and subgingival plaque. In addition, it results in 
the establishment of a pro-inflammatory state leading to 
gingivitis and gingival hyperplasia, which also causes 
patient discomfort [1], [2].
Orthodontic patients with fixed appliances 
face a challenge in maintaining proper oral hygiene 
as well as good periodontal health, especially 
younger patients [3]. Any orthodontic treatment 
represents a serious invasion to the oral environment 
since the numerous orthodontic components 
impede the maintenance of oral hygiene [4]. Fixed 
orthodontic appliances facilitate the accumulation 
of plaque and the development of biofilm, inducing 
dysbiosis, which is an imbalance between the 
types of organisms present in the oral natural 
microflora. The accumulation of plaque on brackets 
and the resins used to bond them lead to a shift 
in the balance of the normally stable resident oral 
microbiome worsening the periodontal conditions. 
This shift can be observed whether clinically or by 
immunohistochemical examination [5]. However, 
orthodontic treatment may lead to a potential 
irreversible periodontal alteration at the cellular level 
due to pathological inflammation [6].
It was observed that the plaque configuration 
seen on bracket recesses differs in its biological 
and chemical parameters from that seen on regular 
plaque [7]. In addition to a reduced pH and increased 
amounts of calcium, phosphate, and carbohydrates, 
the plaque is characterized by larger numbers of 
bacterial counts leading to the development of 
gingivitis [8], [9], [10]. Several studies showed that even 
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patients with good oral hygiene who are treated with fixed 
orthodontic appliances may develop gingivitis [11], [12]. 
Bacterial metabolic products were able to penetrate 
the epithelium and disturb its functional and structural 
integrity [13], [14].
For any orthodontist, such conditions are very 
challenging. They impede the orthodontic treatment 
due to excessive bleeding and inaccessibility to the 
brackets due to gingival hyperplasia. In persistent 
gingivitis as well as in cases developing active 
periodontitis, orthodontic treatment is stopped and 
orthodontic wires are removed until the inflammation is 
controlled. In some patients with persistent hyperplasia, 
gingivectomy is indicated to continue the treatment.
The golden standard of treating gingival 
inflammation is sub-gingival and supra-gingival 
debridement whether using manual instruments or 
ultrasonics. Lately, soft laser was used in soft tissue 
curettage and sulcular debridement [15].
Diode laser is a soft tissue laser of 810 nm or 
910–980 nm wavelength. It has some beneficial effects 
such as the acceleration of wound healing, promotion 
of angiogenesis, and augmentation of growth factor 
release [16]. Low level laser has an effective bactericidal 
effect without dental hard tissues interaction. Part of the 
laser energy scatters and penetrates into periodontal 
pockets during irradiation. This leads to stimulation 
of the cells of surrounding tissues and results in the 
reduction of the inflammatory conditions as well as an 
increase in cell proliferation and the lymph flow causing 
an improvement in the periodontal tissue attachment 
and as well as a marked reduction in post-operative 
pain besides the bactericidal effect [17], [18], [19].
The aim of this study was to examine whether 
low level laser therapy (LLLT) compared to no laser 
therapy decrease gingival inflammation in patients who 
develop gingival inflammation during fixed orthodontic 
treatment.
Materials and Methods
Thirty subjects undergoing comprehensive 
fixed orthodontic treatment were selected from the 
outpatient clinic of the Orthodontic Department, Cairo 
University, Egypt. A double-blind, split mouth, and 
randomized controlled trial were conducted, where four 
quadrants in each patient for a total of 120 quadrants, 
were randomly allocated to receive low-level laser or no 
laser treatments.
IRB approval was granted and subjects and 
guardians, who agreed to join the study, and signed an 
informed consent explaining the trial aim, procedure, 
and possible side effects. Central random sequence 
generation, for 30 subjects was performed, in the 
RANDOM.ORG software by the trial coordinator who 
was responsible for allocation concealment, and did not 
identify the allocation of each quadrant to the operator 
till after the patients’ personal information was recorded 
and was not further involved in the trial.
The subjects included in the study met the 
following criteria:
•	 Orthodontic patients treated with fixed 
orthodontic appliances for at least 6 months 
having gingivitis.
•	 Females (to exclude hormonal changes in 
females than males as a factor) [20].
•	 Age range 15–25.
•	 No apparent systemic disease.
Full-mouth clinical examination was carried out 
for each patient before treatment, to assess bleeding 
index (BI), plaque index (PI), pocket probing depth, and 
clinical attachment level (CAL). Gingivitis was reported 
when there was bleeding on probing and pocket depth 
<4 mm showing no attachments loss [21].
Bacterial count, that is, the total number of 
colony forming unit (CFU)/ml, was also measured. 
The pre-operative assessment of each quadrant was 
performed using periodontal screening recorded with 
online periodontal chart (periodontalchart-online.com), 
to assess the bleeding on probing index and PI. Post-
operative assessment was performed for the same 
parameters after 4 weeks and 3 months follow-up 
period [22], [22]. [23].
Patients were masked to the type of treatment 
that was applied to each side, where the laser applicator 
was applied to the control side in a manner similar to 
the test side without activating the laser unit. Moreover, 
the operators and the outcome assessors were blinded 
to the treatment allocation during the study.
A total of 120 samples of gingival crevicular fluid 
were collected before treatment and after 2 weeks and 6 
weeks of treatment using sterile paper points that were 
inserted into the gingival crevice and kept in place for 
20 s. The paper points were pooled in screw-cap vial 
containing the transferring media (Thioglycollate broth 
media), and transferred within 30 min to the Department 
of Microbiology and Immunology, Faculty of Medicine, 
Cairo University, Egypt, for microbiological analysis. The 
samples were aerobically and anaerobically cultured on 
non- selective blood agar and MacConkey media (Oxoid 
LTD, Basingstoke, England) for aerobic bacteria and 
also on selective anaerobic media (Brucella blood agar), 
(Wilkins Chalgren Anaerobic Agar Base media) (HiMedia) 
in Gaspack anaerobic jar (HiMedia) for anaerobic bacteria. 
The inoculated Brucella blood agar and Wilkins Chalgren 
Anaerobic Agar Base media plates were anaerobically 
incubated at 37°C for 4–7 days. While, blood agar and 
MacConkey media were aerobically incubated at 37°C 
for 2 days. Selective anaerobic media plates were used 
to demonstrate black-pigmented Bacteroides species 
(spp.), Actinobacillus actinomycetemcomitans, Eikenella 
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corrodens, Fusobacterium and Capnocytophaga spp., 
and other periodontal bacteria such as Porphyromonas 
gingivalis and Prevotella intermedia [24], [25].
Colonies were identified by standard 
microbiological conventional methods [26] and according to 
methods described by Slots [24]. Standard microbiological 
conventional methods include gram staining, shape, size, 
spore formation, and motility. Isolates were enumerated. 
Total viable counts were defined as the total number of 
CFU/ml. Aerobic Gram-positive colonies were isolated 
from blood agar and identified by microscopic examination, 
catalase test, coagulase test, and oxidase test for Gram-
negative cocci. Any oxidase-negative Gram-negative rods 
were isolated from MacConkey agar and further identified 
by Microbact (12A) Gram-negative identification system 
(Oxoid, Basingstoke, UK).
AnaerobicAnaerobic colonies were isolated 
from selective media and identified by the following 
standard methods: the colony morphology, staining, 
and biochemical reactions [27]. Bacterial identification 
was completed by Viteck-2 automated identification 
system using ANC cards.
The laser device (Epic, Biolase) was used in the 
test quadrants with 940 nm wavelength and 0.5 Watt as 
power for 6 min total (30 s rest every 1 min application) 
with a total energy of 180 J in the 1st, 3rd, and 5th days.
Data for the BI, PI and bacterial counts showed 
a non-normal distribution. The Friedman test was used 
to compare the change within each group overtime 
while the Mann–Whitney test compared the two groups 
at different time points. The confidence level was set at 
95%. Descriptive statistics were reported as medians 
and ranges.
Results
Participant flow
The study took place over 7 months from 
September 2018 to March 2019. Figure 1 explained 
that initially, 45 patients were recruited, but 15 did 
not comply. Ten of the 15 did not follow the inclusion 
criteria, and five did not have a will to complete These 
15 patients were excluded from the study. The 30 
participating patients went through the study, where 
four quadrants in each patient forming a total of 120 
quadrants, were randomly allocated to receive low-
level laser or no laser and debridement only. Of the 30 
patients, there were four patients considered dropouts 
since they did not attend the follow-up appointments, 
making a final total of 26 subjects.
Table 1 showed that after 1 month as well 
as 3 months, the laser group showed statistically 
significantly lower BI and PI than the control group on 
comparing the BI between the two groups overtime. All 
three times were significantly different in both groups. 
Comparisons between the periods revealed that there 
was a statistically significant decrease after 1 month 
followed by a statistically significant increase in BI 
from 1 month to 3 months. However, the mean BI after 
3 months still showed statistically significantly lower 
mean value compared to base line.
Furthermore, the results of the bacterial counts 
after 2 and 6 weeks showed statistically significant lower 
mean Log10 CFU of the bacterial counts in the laser 
group compared to the control group. Furthermore, 
the comparisons between the periods revealed a 
statistically significant decrease in the mean Log10 CFU 
of bacterial counts after 2 weeks as well as from 2 to 
6 weeks. However, the mean Log10 CFU of bacterial 
counts after 6 weeks showed statistically significantly 
lower mean value compared to base line.
Table 2 showed that there was a statistically 
significant direct correlation between BI and PI, 
where the increase in PI is associated with an 
increase in the BI and vice versa. While, there was 
no statistically significant correlation between BI and 
bacterial counts or between PI and bacterial counts 
along time span.
Discussion
Main finding in the context of the existing 
evidence and interpretation
Orthodontic treatment represents serious 
invasion to the oral environment, as the orthodontic 
Figure 1: Consort flow diagram
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components impede the maintenance of good oral 
hygiene. This subsequently encourages the accumulation 
of dental plaque on brackets and allows coaggregation 
of pathogenic microorganisms, which may increase the 
risk of gingivitis and periodontitis [4].
Noteworthy, such conditions are very challenging 
for any orthodontist. These conditions hinder the 
orthodontic treatment sometimes due to excessive 
bleeding and gingival hyperplasia causing inaccessibility 
to the brackets. Moreover, in cases of persistent gingivitis, 
the situation may be deteriorated to develop periodontitis. 
This will force the orthodontist to stop orthodontic 
treatment due to CAL and bone resorption. This indicates 
that gingivitis should be managed early before developing 
periodontitis [2].
Management of gingivitis should target the 
etiological factors, mainly dental plaque which contains 
the bacterial bulk. Subsequently, signs of inflammation 
will be reduced leading to a significant improvement 
of gingival health. Therefore, the current study was 
conducted to assess the effect of diode laser on the 
subsidence of gingival inflammation that occurs in 
patients receiving orthodontic treatment.
Periodontal screening was performed before 
and after periodontal intervention to all patients to 
evaluate the degree of inflammation and gingivitis. 
Probing depth and CAL were measured and recorded 
using the online periodontal chart (Periodontalchart-
online.com) to exclude cases with periodontitis and 
the bleeding and plaque indices were automatically 
calculated. The four quadrants of each patient 
were randomly allocated to receive either supra 
and subgingival debridement with diode laser or 
debridement only.
Results of the study showed improvement in 
the gingival condition of both groups after supragingival 
and subgingival debridement. That was evident by 
lower bleeding and plaque indices, as management of 
gingivitis is directly associated with a reduction in the 
oral biofilm [28]. However, more significant improvement 
in quadrants that received laser with debridement (test 
group) with statistically significant difference, where 
values of bleeding indices after 1 month and 3 months 
were reduced than those in the control group.
These results could be justified by the 
significant impact of diode laser on healing of the 
chronic inflammatory lesions in the sulcular epithelium 
(micro-ulcerations) that is responsible for bleeding in 
gingivitis [29]. This was in accordance to other studies, 
where it was proven that laser maintains coherence of 
Table 1: BI, PI, and bacterial counts change in treatment and control group along time
p<0.05 are considered significant
Measurements Time Group All same tests
Group A (Laser) Group B (Control) Mann–Whitney test
n Median Minimum Maximum n Median Minimum Maximum p-value between groups 
Bleeding index Baseline (T0) 60 83% 61% 98% 60 83% 61% 98% 1.000
1 month T1) 52 21% 10% 44% 52 31% 21% 53% <0.001
3 months (T2) 52 42% 28% 67% 52 43% 30% 72% 0.731
p-value overtime <0.001 <0.001 Friedman test
All 3 time are significantly different in both groups
Plaque index Baseline (T0) 60 79% 33% 95% 60 79% 42% 93% 1.000
1 month T1) 52 19% 7% 44% 52 28% 11% 53% <0.001
3 months (T2) 52 41% 17% 67% 52 44% 14% 72% 1.000
P-value overtime <0.001 <0.001
All 3 time are significantly different in both groups
Number of 
organisms
CFU/ml - Baseline 60 3,500,000 400,000 17,000,000 60 4,400,000 100,000 20,000,000 1.000
CFU/ml - 2 weeks 55 1,000,000 20,000 7,200,000 56 2,200,000 100,000 18,000,000 <0.001
CFU/ml - 6 weeks 51 101,000 2,000 1,040,000 52 1,400,000 10,000 22,000,000 <0.001
p-value overtime <0.001 0.015
All 3 time are significantly different in laser group
Baseline different than 2 and 6 weeks in control group
BI: Bleeding index, PI: Plaque index, CFU: Colony forming units.
Table 2: Correlation between both groups and separate groups
Both groups
Spearman’s Rho correlations
Bleeding index Plaque index
r p-value r p-value
Baseline Plaque index 0.481 <0.001
CFU/ml 0.116 0.207 0.073 0.428
2 weeks Plaque index 0.562 <0.001
CFU/ml 0.366 <0.001 0.444 <0.001
6 weeks Plaque index 0.603 <0.001
CFU/ml 0.243 0.015 0.329 0.001
Separate groups
Spearman’s Rho correlations
Groups
Group A (Laser) Group B (Control)
Bleeding index Plaque index Bleeding index Plaque index
r p-value r p-value r p-value r p-value
Baseline Plaque index 0.473 <0.001 0.481 <0.001
CFU/ml 0.031 0.816 0.009 0.945 0.193 0.139 0.142 0.279
2 weeks Plaque index 0.221 0.116 0.142 0.315
CFU/ml 0.082 0.566 0.393 0.004 -0.002 0.989 0.197 0.162
6 weeks Plaque index 0.681 <0.001 0.495 <0.001
CFU/ml 0.215 0.137 0.305 0.033 0.310 0.029 0.457 0.001
Interpretation of correlation – from 0 to 0.25 (−0.25) = little or no relationship; from 0.25 to 0.50 (−0.25 to 0.50) = fair degree of relationship; from 0.50 to 0.75 (−0.50–−0.75) = moderate to good 
relationship; >0.75 (or −0.75) = very good to excellent relationship. CFU: Colony forming units.
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tissues. In addition, it can gain the access to subgingival 
tissues and deeper layers through overlying tissue, 
enabling therapeutic penetration [30].
Moreover, the bacterial count in laser group 
was less than that in the control group. This could be 
due to its efficient bactericidal effect against pathogenic 
bacteria. These results were in agreement with Sasaki 
et al. as it was shown that viability of P. gingivalis was 
reduced after using Diode laser [31].
Some patients showed recurrent increase in 
plaque indices in both groups after 3 months, although 
they did not reach the pre-operative values. This could 
be explained due to another accumulation of plaque, 
especially in those with poor oral hygiene.
It was observed that low-level laser irradiation 
has an anti-inflammatory effect, a biostimulatory effect 
as well as an analgesic effect. The anti-inflammatory 
effect and edema reduction can partially be explained 
by a stronger circulation or stimulation immediately after 
laser therapy which increases the blood flow caused by 
low-level laser irradiation. This is not a heat effect, but the 
consequence of increased and normalized homeostasis 
in the tissue metabolism [32], [33], [34], [35]. Others 
have suggested that the anti-inflammatory effect may 
be the result of inhibition of mast cell degranulation [35]. 
Low-level laser irradiation is believed to stimulate or 
correct impaired cellular function [33].
Persistence of the anti-inflammatory effects of 
laser treatment can also have an impact on the decrease 
of plaque formation although the exact mechanism of 
inhibition of dental plaque caused by laser is not clear. 
Further experimental studies are needed to examine 
the effects of laser on vital cells in dental plaque. This 
may help explain the laser beam effects on gingival 
inflammation and the decrease in plaque bacteria.
In addition, regarding the anti-inflammatory 
effects of laser treatment on the inflamed gingiva, it should 
not be forgotten that laser irradiation, according to some 
authors, can reduce inflammation by directly affecting 
the oral biofilm bacteria. It has been previously shown 
that lipopolysaccharides from periodontal pathogenic 
bacteria can penetrate into gingival tissue and stimulate 
production of prostaglandin PgE2 [15], [36], [37].
In the present study, different aerobic 
(Streptococcus spp., Coagulase negative Staphylococcus, 
Staph aureus, Klebsiella pneumonia, Enterobacter 
cloacae, and Neisseria spp.) and anaerobic 
bacteria (Peptostreptcocci, P. gingivalis, Fusiform 
bacilli, Aggregatibacter actinomycetes, Prevotella 
melaninogenica, Bacteroides spp., and Bifidobacteria) 
were isolated from the cases. Kageyama et al. studied the 
relative abundance of subgingival plaque-specific bacteria 
in the in patients’ microbiota, found that Streptococcus 
was the most predominant and that Prevotella, Veillonella, 
Fusobacterium, Leptotrichia, Porphyromonas, and 
Actinomyces were present in higher proportions in patients 
with gingivitis [38].
We found that the count of Fusobacterium 
species, P. melaninogenica, A. actinomycetes and 
P. gingivalis decreased after laser treatment compared 
with the control group. This is in agreement with Petrović 
et al., who evaluated microbiological and clinical efficacy 
of laser therapy for periodontal treatment [39]. These 
results were also in accordance with those observed 
by Birang et al. who detected the impact of adjunctive 
laser therapy and photodynamic therapy and observed 
significant reduction in microbial count of all treated 
groups compared to baseline (p < 0.5) [40]. In addition, 
Petrović et al. reported a significant decrease in the 
prevalence of bacteria after the treatment by laser. Gupta 
et al. evaluated the effectiveness of diode laser as an 
adjunct to scaling and root planning in the nonsurgical 
periodontal treatment. Moreover, they observed that the 
mean colony counts were equal in both groups at the 
baseline. However, the mean colony count was lower in 
the treated group as compared to the control group at all 
the subsequent time intervals [41].
Gupta et al. stated that the periodontal indices 
were higher and statistically significant in scaling and 
root planning alone group as compared to laser group 
on day 30, day 90, and day 180 [41]. Birang et al. found 
that the treated groups showed statistically significant 
improvements in CAL gain, periodontal pocket depth 
reduction, and papilla BI compared to baseline (p < 0.05).
Limitations
Relating the results of our study to other studies 
was difficult due to discrepancies in the results of clinical 
trials that have investigated the additional benefits of 
LLLT in non-surgical periodontal treatment. This is due 
to the presence of methodological differences such as 
reevaluation time points, microbiological assays, and laser 
parameters. The other studies that used low-level laser 
varied regarding the types of laser and the parameters 
of laser radiation [42], [43], [44], [45], [46], [47], but the 
clinical benefits observed when lasers are used are 
beyond doubt.
Conclusion
Laser showed superior results in the treatment 
of gingival inflammation induced by fixed orthodontic 
appliances other than debridement only.
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